and docosahexaenoic acid (22:6n-3) at the expense of linoleic acid (18:2n-6) and arachidonic acid (20:4n-6) was observed in the cardiac total phospholipid fraction from rats fed with n-3 PUFA (Reibel et al., 1988) . Changes in platelet responsiveness to aggregating substances induced by intervention with dietary n-3 PUFA have usually been related to alterations in the production of eicosanoid precursor fatty acids and not merely to alterations in the fatty acid composition of membrane phospholipids (Hartog et al., 1987; Lamers et al., 1987 and Leaf and Weber, 1988 Reibel et al. (1988) showed that changes in eicosanoid production induced by dietary fish oil were not likely involved in the attenuation of the myocardial crl-adrenoceptor response. In vivo studies (Gudbjarnason et al., 1978 and Montfoort et al., 1986) have indicated that chronic noradrenaline stress produces changes in n-3 relative to the n-6 PUFA content of myocardial phospholipids, particularly that of the phosphatidylethanolamine fraction. It is not known whether this noradrenaline treatment effect is a direct (pi-or fl-adrenergic effect on the myocardial cells or an indirect olor @adrenergic effect resulting from altered lipid metabolism in the liver. Nevertheless, the accelerated turnover of the myocardial (polyphospho)PI lipids, induced by cziadrenoceptor stimulation, could be one of the factors involved in the in vivo effects of noradrenaline stress on myocardial phospholipids.
Several reports have described that the fatty acid composition of culture cardiomyocytes can be modified by addition of non-esterified fatty acids (NEFA) to the culture medium (Grynberg et al., 1988; Meij et al., 1990; Nalbone et al., 1990; Hallaq et al., 1990 we showed that 20:5n-3 as well as 18:2n-6 treatment of cultured heart cells had no effect on the basal and oi-adrenoceptor stimulated PIP2 hydrolysis (Meij et al., 1990) . However, in this study only minor changes occurred in fatty acid composition of the phospholipids (e.g. the maximal n-3/n-6 PUFA molar ratio amounted 0.45). Nalbone et al. (1990) showed increases of the n-3/n-6 PUFA molar ratio up to 1.1 in cultured cardiomyocytes, very near to values reported in the study of Reibel et al. (1988) .
In the present study, we investigated the effect of NEFA supplements to the serum in the primary culture of rat cardiomyocytes on the fatty acid composition of the various phospholipid classes, with particular attention to the PI fraction.
The main object was to observe the influence of these changes on the rate of basal and crl-adrenoceptor mediated PIP2 hydrolysis.
We also evaluated the possible effects of long-term cr-adrenergic stimulation of the PI turnover on the fatty acid composition of the PI fraction as well as all the other phospholipid classes. and the cells were equilibrated in this buffer for 30 min. Then LiCl was added to a final concentration of 10mM. After another 10min of preincubation, phenylephrine at a final concentration of 30/,&M, or buffer was added to a final volume of 1 ml. Incubations were terminated after 30min by rinsing the small dishes with 0.5 ml cold buffer followed by the addition of 0.5ml cold methanolll2M HCl(lO0:
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1, v/v). The cells were scraped using a rubber policeman and the suspension was collected in a glass tube. The dish was rinsed once more with 0.5 ml of methanol/l2 M HCl, which was transferred to the same glass tube. Then 1 ml chloroform and 0.5 ml 2.5M HCl were added to the tube. After centrifugation (lOmin, 155Og) the upper phase, containing the IP,, was collected and the lower phase was washed once with 1.5 ml methanol/chloroform/O.6M HCl (48:3:47, v/v/v) . The upper phases were combined and 5 ml distilled water was added. The IP, were separated by anion exchange using 1 ml Dowex 1 -X8 according to the method of Berridge et al. (1982) For studying the lipid composition of the treated unlabelled cells, the cell incubations containing unlabelled myoinositol were terminated after 30min by rinsing the large dishes with 1.5 ml cold buffer, followed by the addition of 1.5 ml cold methanol. The cells were scraped using a rubber policeman and the suspension was collected in a glass tube. The dish was then rinsed again with 1.5 ml of methanol.
After addition of 1.5 ml chloroform, the suspension was stored under nitrogen at -20% overnight.
For the estimation (1983) . The spots were visualized by spraying with Rhodamine 6G (0.01%). The individual phospholipids were identified by co-migration of standards.
The plate was dried under N, and the scraped spots were extracted twice with 1.5 ml methanol for fatty acid analysis. After addition of 20nmol of the internal standard 21:0 to the extracted phospholipid fractions, the methanol was evaporated under Nz and the phospholipids were transmethylesterified using BFs as previousIy described by Morrison and Smith (1964) . For the gas chromatographic separation of the fatty acid methyl esters a CP9000 capillary column chromatograph (Chrompack, Middelburg, The Netherlands), equipped with a CP-Si188 coated fused silica capillary column, was used. The separated peaks were identified on the basis of the retention times as compared to standards (Montfoort et al., 1986) .
Analysis of TG and &verol TG was measured spectrophotometrically in the initial lipid extracts using the test kit. For the study of glycerol release, the incubation media were collected just before the wash step at the end of the cell incubations.
Glycerol was measured fluorimetrically according to the method of Laurel1 and Tibbling (1966) .
Statistical analysis
All data are expressed as means f LE.. Multiple comparisons were made between control and fatty acid treated cells by unpaired Student's t-test with PCO.05 being considered significant.
Results
Fat0 acid composition oj mmzbrane phospholipids
The effects on membrane composition were examined in cardiomyocytes isolated from neonatal rats that were incubated for 3-4 days in animal sera containing culture medium with (1) no additives or (2) a mixture of 107~~ 18:0 and 107lM 18:ln-9, or (3) only 214~~ 18:2n-6 or (4) 214~~ 20:5n-3. Table 1 shows the total fatty acid and NEFA content in pM of the four conditioned media. Supplementation of the media with NEFA changed the total fatty acid content of the media only moderately (not more than 20% increase).
The total pool of fatty acids is mainly composed of those esterified in TG, cholesterolesters and phospholipids which are all present in the lipoproteins of the added sera. However, it is important to note that the small NEFA pool constituting 2-3s of the total fatty acid pool, generally serves as the major extracellular source of fatty acid for cultured cells (Spector et al., 1981) . As can be seen in the NEFA fraction of the conditioned media, the 18:0, 18: ln-9, 18:2n-6 and 20:5n-3 contents have changed drastically due to the additions (Table 1) . The results of the analysis of cardiomyocyte phospholipids under the influence of these various fatty acid supplements are shown in Table 2 .
There was no detectable change due to fatty acid treatment of the cardiomyocytes in the relative or absolute amounts of phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylinositol (PI) and sphingomyelin (SPM) fractions separated by one-dimensional thin-layer-chromatography (TLC). The composition is similar to that reported by Post et al. (1988) for cultures of neonatal aNumber of determinations of the phopholipid class contents in each group of control or fatty acid treated cells.
cardiomyocytes except that in the present study PI and PS were determined separately. Since the amounts of the phospholipid classes were found to be the same in all four cell treatments, it was decided to express the results of fatty acid composition in mol% . The results of the fatty acid analysis of the major phospholipid fractions PC and PE are shown in Table  3 .
Supplementation of the culture medium with 18:0/18:1n-9 mixture caused a marked increase in incorporation of these fatty acids in PC and predominantly a reduction in 16:0, 18:ln-7 and 20:4n-6 and the sum of PUFA decreased from 33.9 to 24.7 mol % . However, the n-3/n-6 PUFA molar ratio decreased from 0.17 to 0.11 resulting from a slight shift in incorporation of n-6 PUFA in favor of n-3 PUFA.
Treatment of the cells with 18:2n-6 caused a dramatic increase of 18:2n-6 to 42.1 mol% of the total PC fatty acids and a decrease of incorporated 18:2n-6 metabolites, 20:4n-6 and 22:4n-6 (Table 3) . There was still a marked increase of CPUFA from 33.9 to 49.9 mol% . The massive incorporation of 18:2n-6 into the fatty acids of PC, depressed the n-3/n-6 PUFA molar ratio to almost zero.
Treatment
of the cardiac cells with 20:5n-3 led to increased incorporation of this fatty acid and also of 22:5n-3 in PC. The increased incorporation of n-3 PUFA occurred at the expense of n-6 PUFA as the sum of 18:2n-6 and 20:4n-6 decreased from 26.5 to 12.6 mol% , Although CPUFA increased significantly from 33.9 to 41.5 mol% after 20:5n-3 treatment, the increase was much less compared to 18:2n-6 treatment. Thus it appeared that cardiomyocyte PC more readily incorporated 18:2n-6 than 20:5n-3.
The general patterns of changes in phospholipids PE, PI and PS following fatty acid treatment of the cells were very similar to those seen in PC (Tables 3 and 4) . Tliere are, however, some interesting differences between the fatty acid composition of the various phospholipid classes per se and some phospholipid class-specific responses to fatty acid treatment.
The preferential incorporation of 18:2n-6 compared with 20:4n-6, 20:5n-3 and 22:5n-3 was observed predominantly with PC, as the highest 18:2n-6 incorporation among the other phospholipid classes was certainly less than 22 mol%. This difference between PC and the other phospholipid classes PE, PI and PS can not be explained by the low PUFA contents of the non-PC phospholipid classes; on the contrary, the CPUFA of e.g. PE of control treated cells reaches almost 50mol% (Table 3) .
The results in Tables 3 and 4 show that PE, PI and even PS in control treated cells contain much more 20:4n-6 relative to 18:2n-6 (e.g. PI contains 30.0 relative to 4.4 mol%). Another remarkable finding is the relative homogeneity in fatty acid composition of the PI fraction in control treated cardiomyocytes. The PI fraction is mainly composed of molecular species with 18:0 on the sn-1 site and 20:4n-6 on the m-2 site of the glycerol moiety.
This homogeneity disappeared when the cardiomyocytes are exposed to the various types of fatty acid. It should also be noticed that in the PS fraction, in contrast to the other major phospholipid classes, there is a preferential incorporation of the 20:5n-3 metabolite 22:5n-3. 'N-3/n-6 is the molar ratio of total % of n-3 PUFA over the total of n-6 PUFA. eCPUFA is the sum of all PUFA. 'N-3/n-6 is the molar ratio of total % of n-3 PUFA over the total of n-6 PUFA. CPUFA' 9.6 (1.9) 3.6 11.8 (2.7) 7.6 (1.3) aNumber of determinations of the fatty acid content in each group of control or fatty acid treated cells. bOnly the major fatty acids are listed and the sum of minor fatty acids (mainly 16:Odma. 18:0dma, 18: ln-7, 18:3n-3) are listed and termed "others".
Dma is the abbreviation for dimethylacetal. 'N-3/n-6 is the molar ratio of total % of n-3 PUFA over the total of n-6 PUFA. dP<0.05 versus control cells. 'ZPUFA is the sum of all PUFA. Values are presented as means (S E ).
SPM is a choline-containing phospholipid with only one fatty acid esterified per molecule.
Long-chain (mono)unsaturates are reported to be mainly present. The results obtained from the cardiomyocyte are summarized in Table  5 and confirm this distinct SPM property as the 16:0, 18:0, 20:0, 22:0, 24:0 and 24: ln-9 contents vary between 8 and 27 mol% whereas the contents of 18:2n-6 and 20:5n-3 were both lower than 4 mol % Therefore it is not suprisingly that 18:2n-6 or 20:5n-3 treatment of the cells did not lead to incorporation of these fatty acids into SPM. In contrast, slight changes in the 24:0 content of SPM in response to 18:2n-6 treatment and in the 16:0 and 20:0 content in response to 20:5n-3 treatment had occurred.
The rate of PIP, hydrolysis
The cardiomyocytes, pretreated with control medium and 18:0/18: ln-9, 18:2n-6 or 20:5n-3 rich medium, were tested for the basal and ari-adrenoceptor stimulated rate of PIP, hydrolysis.
The t3H]-IP, production ( Fig. 1 ) represents the sum of [3H]-IP,
[3H]-IP2 and t3Hl-IPs formation. Previously we have shown that the major IP, formed is the monophosphate, due to the rapid breakdown of IP, and IP3 by phosphatases during cell incubation. The IP, formation was measured over a period of 30 min. Cardiomyocyte exposure to 18:0/18:1n-9 stimulates basal PIP, hydrolysis 37% whereas partial inhibition was found after exposure to 18:2n-6 and 20:5n-3 (35 and 49%) respectively).
The maximal rate of PIP, hydrolysis that can be reached by adding 30 pM phenylephrine was not significantly affected by 18:0/18:1 n-g treatment but was also partially inhibited by treatment with the n-6 and n-3 PUFA (51% and 71%, respectively).
No selective depletion of any specific type of PUFA occurred in the PI fraction of the cardiomyocytes stimulated for 30min with a maximal dosis of phenylephrine [ Fig. 2 (a) and
Similarly, the analysis of non-PI phospholipids showed no changes in fatty acid patterns due to cll,-adrenergic stimulation (results not shown).
[3H]-Inositol incorporation in membrane (polyphospho)PI lipids 20% animal sera supplemented with 5OpM 18:0 or 18:2n-6 with no apparent loss of viability. The predicted elevations of 18: ln-9, 18:2n-6 and 20:5n-3 associated with a partial depletion of 20:4n-6 were confirmed in all phospholipid classes except for SPM, of the respective groups of fatty acid treated cells. In the 20:5n-3 treatment group, the change in n-3/n-6 PUFA molar ratio of e.g. the major phospholipid class PC from 0.17 to 2.11 was even more pronounced than that reported by Reibel et al. (1988) for the total phospholipid fraction (from 0.31 to 1.14) after feeding rats with fish oil. In spite of the similar patterns of changes, each phospholipid class had an unique fatty acid composition and a distinct response to the fatty acid treatments. In particular, the PI fraction, which was very homogeneous in fatty acid composition in control treated cells, changed dramatically after the fatty acid treatments.
The results of the control treated cells showed that 20:4n-6 is enriched (30.0%) in the PI fraction and that the other major fatty acid appeared to be 18:0 (39.2 mol%). These findings are in agreement with the generally accepted, but not experimentally proven, proposal in the literature that the sn-2 position of PIP, mainly is occupied by 20:4n-6, which is released in the form of DG after receptor-mediated stimulat-, ion of PIP, hydrolysis (Berridge, 1984) . This homogeneity in the PI fraction was no longer apparent when the cells were treated with 18:0/18:1n-9, 18:2n-6 or 20:5n-3. In the 18:0/18: ln-9 treated cells 18: ln-9 was incorporated into PI to a large extent (from 6.5 to 18.3 mol%) in contrast to the 18:0 content of PI which actually decreased (from 39.2 to 34.0 mol%). In the 18:2n-6 treated cells 18:2n-6 is incorporated into PI to a large extent (from 4.4 to 17.4 mol%) and even more avidly into PC (from 14.0 to 42.1 mol%). In the 20:5n-3 treated cells, both 20:4n-6 and 20:5n-3 were enriched in the PI fraction (12.9 and 20.6%) respectively).
In general it can be concluded that the main effect of all three fatty acid treatments on the various phospholipid classes was a partial replacement of the 20:4n-6.
No desaturation of 18:2n-6 occurred which finding is in agreement with the results reported by Hagve and Sprecher (1989) . We were also able to show that neonatal rat heart myocytes have the capacity to elongate C20 fatty acids. This was not observed by Hagve and Sprecher (1989) who studied the metabolism of labelled 20:5n-3 in cardiomyocytes isolated, but not cultured, from the adult rat heart.
Rates of basal and cr&renoceptor mediated PIP, hydrolysis
The rate of basal and arl-adrenoceptor mediated PI turnover was largely affected by the changes in fatty acid composition of PI and/or all other phospholipid classes. Apart from the observed reductions in the basal rates, the phenylephrine (30 PM) stimulated production of inositolphosphates was reduced by 51% and 71%, respectively in the 18:2n-6 and 20:5n-3 treated cardiomyocytes.
The basal rate of inositolphosphate formation was 37% increased in the 18:0/18:1n-9 treated cells. Under the present experimental conditions, the NEFA added to the culture medium were washed away prior to the activation of PIP, breakdown.
Therefore it is unlikely, that a direct activation of protein kinase C by extracellularly derived PUFA is involved in the observed decrease in the rate of PIP, breakdown induced by n-6 or n-3 PUFA treatment of the cardiomyocytes (McPhail et al., 1984 and Meij and Lamers, 1989b) . Thus the effects on the PI cycle in this study can be attributed to the different composition of the membrane lipids. Since the changes of the various phospholipid classes induced by the fatty acid treatment were complex, it is not possible to identify one of them, e.g. a change
